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Functional eurtacee for chemical raactione and proceea for tha preparation tharaof 



(57) Tha invention concerns a solid phase surface 
structure and a process for preparing such a structure. 
The surface structure cornprises functional groups on 
the surface of a substrate. The species of a reactant fed 
in gas or liquid phase is bound at least temporarily to 
said groups due to the interaction between said species 
and said functional group during a chemical reaction. 
According to the invention eeeentialry all of the function- 
al groups are attached to the substrate via a bridging 
group bound to the surface atoms of the substrate, the 
surface bnxling sites bang so far from the surface of the 
substrate that the surface of the substrate does not have 
any significant influence on the interaction between the 
surface br>dmg sites and the reactant species. The 
f unctionalized surface structures can be provided by re- 
acting an irxxganc oxide support with a compound or 



formula (I) 



rW 



(I) 



wherein A is silicon, tin, germanium or carbon, R 1 is a 
hydrocarbon group and X 1 is a functional group. The re- 
action between the support and the compound of for- 
mula I is carried out under surface bond selective con- 
ditions and the reaction is continued until eseentially all 
of the hydroxy! groups of the inorganic surface have re- 
acted under surface bond selective conditions. By 
means of the invention f unctionalized surfaces are pro- 
vided when can be used for chromatographic applica- 
tions and as catalyst supports. 
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Description 



The present invention concerns a functionaiized surface structure according to trie preamble ol claim l for carrying 
out chemical reactions during which the species ol a reac^nt fed in liquid or gas phase is bound to the functional 
s groups of the surface structure due to interaction between the groups and the species 

The invention also concerns a process according to the preamble of claim 11 for preparing functonalized surlace 
structures. 

In the context of the present inventon, the term f uncttonalized surlace structure' is used to refer to a solid substrate 
wrth functional groups bound thereto, the functional groups being capable of reacting with the species of the reactant 
to fed in liquid or gas phase, that is, with molecules, ons, or chemical compounds. Functional surfaces are used in, e g , 
chromatography and adsorption mass applications whereby desired chemcal species, such as metals or solvent mol- 
ecules, are at least temporarily bound to the functional groups of the surface structure from the sample examned 

The above definition of functionaiized surface structures also covers supports of heterogeneous catalysts which 
typically comprise an inorganic oxide whereby a cataryticalty active metal or metal compound may be bound to the 
is surface functional groups, e.g.. hydroxy) groups, of the inorganic oxide, in order to obtain a catalyst An important 
advantage provided by the thus prepared heterogeneous catalysts over homogeneous catalysts, i.e. . catalysts soluble 
in the reaction medium, consists in easy processabilrty (purification, activation, etc ) of the catalyst. However, a disad- 
vantage may be considered to lie therein that the support material often aflects the catalyzed reaction; the catalytic 
properties of the transition metal and the carrier are many times even impossible to tell apart. Thus, the homo- and 
20 coporymenzation of. e g., ethylene and other 1 -olefins wrth heterogeneous Ziegler-Natta catalysts will, due to the effect 
of the support, provide polyolefins with a broad molecular weight distribution (> 4 to 5). whereas homogeneous catalysts 
will provide a narrow molecular weight distnbution 

Problems may also anse in the case of other functional surfaces when both original surface groups and new 
functional groups bound to the surface are present in the surface structure. In addition to the tact that the groups will 
2S be in competition with each other for the binding of chemical species, impurities such as water molecules bound to the 
original surface groups may impair and interfere with the operation of the functionaiized surface in. eg., adsorption 
mass applications. The sensitivity of chromatographic separation/assay is reduced if the chromatosubstrate comprises 
groups wrth different affinities. These will easily produce the so called tailing effect. 

The purpose of the present invention is to eliminate the drawbacks hampering the prior art and to accomplish a 
30 functionaiized surface structure characterized by easy processability and handling of conventional solid-phase surfac- 
es, whereby, however, the functional properties of the structure are determined exclusively or at least mainly on the 
basis of functional groups separately bonded to the surface. The invention also ama at providing a process for the 
preparation of such surface structures. 

The mention is based on the concept of heterogenization of the functional groups, i.e . they are attached from 
35 gas phase onto a solid support by using bndg^g groups when can be bound to the surface of the support wrth covalent 
bonds or other stable bonds and which are of a size rendenng the functional influence of the functional groups ride- 
pendent of the support surface. 

The bridgmg compound used for the afore-desenbed heterogenization preferably contans two functional groups, 
one at each end thereof, whereby one of the functional groups forme a bond (e.g. a covalent bond) with the surface 
40 binding sites of the inorganic surlace (e.g. the hydroxyl groups or tensoned metakwygen-metal bridges of the surface) 
and the other one is left tree after the reaction for desired additional reactions. 

In particular the compo u nd s of the presented type are bound to all or essentially all available surface binding sites, 
mostly the hydroxyl groups, under surface bond selective conditions. 

More specifically, the solution according to the invention is mainly characterized by what * stated n the charac- 
*s terizing part of claim 1 . 

The proceee according to the nventon is, again, charactenzed by what is stated n the charactenzmg part of claim 

The present rtverrbon will now be exam red more closely wrth the help of a detailed description and a number of 
working examples 

so The nventicn concerns eynthetization Afunctional surfaces on rxxganic surfaces, such as silicon oxide. aJummium 

oxide titanium oxide, and other sinter supports, to provide 'a sottchphase surface structure', in other words a structure 
wherein the substrate comprises a solid substance In its general form the invention comprises bixiing of functional 
groups to a substrate v» a bridgmg group attached to the surface atoms of said substrate, whereby the functwnaJ 
groups are placed so tar from the surlace of the substrate that sad surface does not have any significant influence on 

« the interaction between the functional groups and the reactant species fed in liquid or gas phase 

Thus, a support or a smilar solid surface is reacted under surface bond selective conditions with a compound of 
formula (I) 
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O'.v' (I) 



wnerem H" * a hydrocarbon res.due (ct the def-mlon ot the group betow). A ,s an atom capable o. forrr^g , a , bo«J 
s Z ! i "urtace a.Jn or group of surface atoms on the surface o. the support, and * a .undone, group Preferably 

A ' S r t o ,:e X^XSZ*** -PC*. - corned * ^ reacts^ 

. qi avi - Kound via the oxvaen 10 the surface and X 1 form* a teavwig 

"oTr*S 

-o L s," cure can be attached one. the bridging group ha. bnn bound to the surface of *. .^trate. 

For producing the bndge group bound to the substrate a reactant >s preferably used containing two 
group, o'nf ? 3<J U S«M. g a ccvafcn, bond) wrth the " rt *« b ^ «^ 

tens^silic^xygen-s^^ 

tor desired further reactions during wh*h « forms ,h. new surfac. bmdmg srte. for* Munc t or*«s urtoca* Between 
'* these functional groups there is a brrtge group whch isolates the groups from each other. In P/*'*V™ 
JJ^^TZrtL. bonolng sites and the surface atoms of th. substrate is at .east 20 nm. typealfy more 

A compound ot formula (II) 

xVaV <"> 

20 

,s preferably used, where.n * and X* can be the same or afferent and they stand for a functional group or structure 
Possibly contains one hetero atom, such as sulphur, oxyo^n or nitrogen. The group d formula -(CHj), . where* 

branched hydrocarbon groups, suet! as C,. l0 alKyl or alKenyt or arylene groups. 

terminal groups are the silanes represented by the formula (IV) 



S.R 2 X 3 (1V) 



ITgr^S^^^^^ -d^.r corr^g heterocycl* (e.g. ^) « 

50 examples of particular* preferred bridge structures functional site, ie. a site which » 

At the outer and of th. bridging compound there « a group w* as such (group 



P SJH^ nrtro 
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3S 



radicals and has the same meaning as above 

Of particular importance among the above-mentioned functional siructures and groups are. tor the purpose ot the 
present application, diene-rmg structures (e g. the cyctopentadiene group, the mdenyl group, the fluorene group etc ) 
wherein the conjugated diene structure is capable of reacting via a Diete-AUer reaction with compounds containing 
double bonds Other important groups are the carboxyl.c acid, carboxylic anhydnde. alcohol, ether and ester groups 

The substrate of the functional surfaces should be stable at those temperatures (typically > 200 *C) where the 
bridge compound is attached to its surface. In particular the substrate is an norganic oxide selected from the group 
consisting of silicon dioxide (silica), aluminium ox.de. silicon dKDX.de - aluminium oxide, synthetic and natural zeolites 
and aluminium silicates, magnesium oxide, magnesium silicate, titanium oxide and zirkonium oxide. The surface of 
these compounds typically already contains the aforementioned hydroxyl grups and metal-oxygen-metal- bndges 
which function as surface binding groups 

Based on the above, according to a particularly preferred embodiment of the invention an inorganic oxide containing 
the above-mentioned hydroxyl or bridge groups is reacted with a compound according to formula (V) 



wherein 



A s silicon germanium, tin or camon which is caoable of being bound to one. two or three surface oxygen atoms. 
Ri 7s an non-hydrolyzabie funct.onal group or a reactive chemical structure which binds to A via a bridging group. 

R2 is an alkyl group, ^ M 

X« is a hydrolyzing group which reacts with the hydroxy or meta^oxygen-metal-bridges of the inorganic oxide, and 

m is an integer 0, 1 , or 2, 

When the compound of formula (V) reacts with the surface of the support it is bound to the surface typically via 
one or two oxygen group*, the group left on the surface of the support having the formula Vb 

-R'afO' < va > 

or formula Vb 

-b'aR^x 4 ,,.,,- <*>) 



wherein n Is an integer 0 or 1 and X*. R 1 and R 2 have the same meanng as above. 

The invention can be applied to the preparation of surfaces lex different uses. Generally, the f uncttonalHed surfaces 
can be used in reaclions where reactaffl spaces fed * gas or liquid phase are at least temporary bound due to the 

40 mteraction between said species and said functor*! group. These different alternatives are examned n more detail 
below One mportant application composes modified supports for catalysts. When modified supports of proeatalysts 
of transition metal catalysts are prepared, the group R 1 <* the compound according to formula V preferably stands lor 
a hydrocarbon group when is capable ol forming a covalent bond wflh a transit on metal. It can also b«J a transition 
metal compound by comptexinQ. R 1 • capable ol tandingto at least one ol the following metals or a compound thereof: 

*s Sc Ti, V Cr Wh. Fe, Co. Y Zr, Nb. Mo, Tc. Ru, Rh. Ht. Ta, W. Re, Oe, or Ir Particularly preferred metals are the metals 
belonging to gioups IVA, VA and VIA of the perodic table, in particular chromium, hafnium, titanium and zirkonium. 

The transition metal or its compound can be bound to the modified support either from gas phase or from liquid 
phase in a manner known per se. 

For the preparation of modified supports as wel as for the preparation of other functional surfaces tV can be a 

» group -(CHA where k is an integer in the range 1 - 6. X? berg an unsubstituted or substituted cyclopentadienyl group 
or a rccc^tartenyRYpe group, such as an unsubstituted or substituted indene group, tetrahydrcextane group or 
^^o^J^nr^on^ can be bono^d lo A cyciopentad-nyl (Cp) ligand groop * a prep* seta**™ 
because it can form a sulaWy strong cova*errt bond * terms ol catalytic activity with a great number of transport metals 
mcbding Fe Co Cr TV Zr. Ru. Ht and Rh. Furthermore, cyclopenladienyl is capable ot bndmg, e.g.. carboxyle anhy- 

« dride groups, which make surface structures suitable fc< absorption purposes, arrwng c<her appleatwns. 

R» is a linear or branched C„ 0 alkyl group, particularly a tower alkyl group such as a methyl, ethyl, n-prcpyl and 
isopropyt, n-butyl, isobutyl and ten-butyl or any pentyl or hexyl group. 
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R* ,s a methylene cha.n containing aoVaniageously 2 - 4 carbons (such as an ethylene propylene or butylene 

Cha 'x.s selected Irom the group cons.st.ng of alkyi (-R 5 ). alkoxy (-OR*). cart>oxytic acid (-OOCR*). am.ne <-NRS 2 ) and 
chlorine (-CI). wherein R5 represents an alrfanc hydrocarbon cha.n having 1 to 10 carbon atoms X .s advantageously 
an alkoxy (^>R S ). carboxylic acd (OOCR*). amine (-NR* 2 ) or chtonne (-CI). where.n R* represents an alrfatic hydro- 
carbon chain hav.ng 1 to 10 carbon atoms X .s preferably methoxy or ethoxy When the above-mentioned silane 
compound reacts with an inorganic oxide, the bond between the silicon atom and the group X* is replaced by a bond 
between an morgan* compound and the s.lcon atom. Methoxy and ethoxy are particularly preferred o* the X» groups 
and they form ethanol or methanol when they react with water or with the hydroxy! groups of the morgan* surlace. 
Because chlorosilanes form hydrochloric actd as a side-product they are less preferred. 

The silane compound mentioned in the examples betow. (EfOfeSKCHjfoCp. is a good bridgng compound between 
a transits metal or a functional group when are to be bound to a support and. e g . a porous support hav*g a large 
surface, such as silica and alumnium oxide. The methylene cha.n between the silicon atom and the cyctopentadienyl 
group also potentially soften* the heterogeneous character of the morgan* oxtdee 

The process according to the present invention is advantageously earned out under surface-bond-selectrve reac- 
t,on condrtions In the context of the present invents this term means that the reactant is attached m vapour phase 
to the surlace of a solid material (inorganic ox.de) under conditions in which the properties of the surlacedeterm.ne 
the amount of reactant bound to the surlace The preparation of catalysts under surface^bond- selectee conditions is 
described, e.g., m Fl Pat. Noe. 64662 and 87692. 

in the present method, the suitable reagent is bound n vapour phase to the support. The reagent is evaporated 

. , ,-„™t .* to iron tn a r»arttnn chamber wherein it is reacted with an 

separate ry irom me suppwi <u>u mo »opuu.. tw .w« s ~... — 

inor oane oxide compound acting as the support. Dunng the reaction, the support is ma.nta.ned at a temperature when 
is above the vapour condensation temperature, and s.multaneousV. so high that the minimum thermal activator, energy 
necessary tor the formation of chemical bonds between the heterogen.zrg compound and the surface bond srtee ot 

M the support, is attaned (thus accomplishing the chemisorption ol the heterogenizmg compound). Through th» tech- 
nique a support suitable (of bonding the transition meiai * achieved. 

By the present process the Inking agent, e g a s.lane compound, can be attached directly by a gas phase reactor, 
to a support without any difficult hydrolyzatwn step tor alkoxys.lanee andtor use ot organic solvents In (he present 
surface bond selective method, after the reaction the compound » ready for brding a transit.cn metal or for other 

30 reactions 

As mentioned above, the solution according to the .nvention can be used for heterogenization of catalysts The 
invention is particularly wed surled for the preparation of olefin catalyst. Within the context of the present mventon 
the term -heterogenaaten' is used to refer to the isolation and slab.liUt.on ot catalytcally active metal compound, 
which are usually unstable in the homogeneous phase, by bonding a spacer compound (heterogen ,»ton compcund) 
3$ when is compattole with the precursor of the catalyst to the surface of an inorganic oxide (e g.. SO* AljOj, Tro* it^y 

However the cyclopentadienyl surface according to the invention can also be used for cyctoaddrten reactons o! 
the Diels-Alder type, whereby a carboxyle anhydnde surface may be formed from the cyclopentadienyl surface by 
reactttg a mafic acid anhydride with the surface at a tow temperature. The next step may 
anhydnde surface with water, thus allowing tor the formation of a dicarboxytic acd surface capable of b«x*ng metal 
40 atoms Irom water or other peter and/or organ* solvents mlrrM , , 

The solution according to the invention may be used to prepare even other functional surfaces. Thus. ■•«**'<- 
OH). or ether (-OCH 3 ta. -OCH,CH,) surfaces can be prepared on a silicon oxide surface by using organ* dialcohols. 
or coneeponcSngry, alcohol ethers, preferably at a high reaction temperature (> 200 *C). 

The reagent* have the general formula VI 



45 



ho-r'or 7 M 



wherein 



so 



ss 



R« represents a -(CHaX group where Hie an integer 1 to 4, and 

R 7 » a hydrogen atom or an alky) group <-*), where R' has the same meaning as above. 

The present mvenUon » well surfed for the preparation of an alcohol surface because, e.g.. the 
OH group, is greater than 1 .5 OH group*W r, m. case o. porous .*con oxide riavrg - 
ethyLe^co, HOCH^OH m us* a. the reactrg acoho. It ha. unexpected* ^'^"^^^^1 
reacts is carried outat surface bond selectee condition, at *300 -C, aB groups except the internal S.OH groups wrfl 
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disappear from the silicon ox.de surface when has been heat treated at 600 'C for 16 hours pnor to the reacts When 
a primary alcohol such as ethanol « used mstead ot ethylene glycol, separate Si-OH groups are vis.ble in the FT-IR 
spectrum as m the case o( the original heat treated silicon ox.de S.m.larty. a carbon analysis shows thai the ethanol 
treated silicon oxide contains less carbon atoms by hart per nm* when compared to ethylene 9^0) 

Correspondingly, an ether surface may be produced by using, e g . 2-melhcrxy ethanol (CH 3 OCH 2 CH 2 OH) or 
2-ethoxy ethanol (CH,CH 2 OCH 2 CH 2 OH) .nstead of ethylene glycol.. Organic phenyl surfaces may toe produced by 
using pheny. tr.ethoxy s.lane. whereby R« ,n Formula I represents a phenylene group and the surface. ^'"9*« es 
are proved by the cyclic carbon atom, ot the phenylene nng. At wwh. functional groups may be bonded tolhe phenyl 
surfaces, such'as an alcohol (ROH). ettw (ftO-H). haW. (R-X). aHehyd. (FCHO), Ketone » W«t^c 
(R-COjH). camoxylc acd anhydnd. (R-COj)^, deartooxylic aod (HOOC-R-COOH). ester 
CONH 2 ), amin.ne (R-NH 2 ), nrtro compund (R-N0 2 ). nitrile (RC=N) or thiole (R-SH) R stands tor a hydrocarbon group 
The functional groups cited may also be bonded to the phenyl reagent. 

The term "surface-bond site' refers to a functional group on the support surface capable of reacwg with the Iran- 
S1 t,on metal or a compound thereof. The present invention makes particular use of the reaction ot such a uncfonal 
iTp wrth a group hav^g me formufa ^ Generally, the surface-bond site * formed ^-^ ^ * 
a me.a.-oxygen-metal bridge, whereby the reacts between the abov.^entioned groupe provK.ee on the support 
surface a molecular structure represented by the formula -A(R2JX( 2 . J-O-metal atom 

The invention offers s.gn.f,cant benefits. Thus, it has been found that m the pofymenzafon of ethene us™, a catalyst 
,n which a transrtion metal compound i. bonded to a support surface carrying a diene+ing structure whch -prepared 
™*,n , n ,h« ,nven,«n tooether wrth a methylaluminium oxane (MAO) cocatalyst. the polyethen. product thus 
obta'in'ed'has a signify h,gn molecular weight (M* > 100 000) for commercial I applications and also ^ " 
molecular weight distnbution (t*JM„ < 3) Such a narrow molecular weight distre.ut.on cannot be aftamed by means 
rc'vent'afh.teroo^ J, r«gIer-Na,ta catalyst, such a. CrOySO, or TiC.^MgC^ catalyst, wlnou, a marked* 

r9dU Tht "ntf^aT^utoce. according to the reenter may. among other thinge, be used to further produce a trarwlion 
metalsurtacebound.othe.unct.ona.surface.suchasz^ 

of the hydroxyl groups of the original surface wrth the bound metal, because essentially all surface hydrwty^ groups of 
me ZcSSJL are reacted during the reaction between an inorgan* oxide and a bridge agent under surface- 

30 ^mltZs^ZZ me examples according to me Mention. Inorganic hydroxyl. are present r. • 

when the same reaction is carried out in disserved phase by hydroryzing a ..tone alkoxy compound by • conv^tiona. 
memod [rel G L. Wrtucki. J Coat. Technol (1993) 57], Moreover, me lurKtionahzatK* may be cn 
step according to m. present mvent>on, and after me reaction, the product may be used directly or proewsed father 
wash*g and drying step. The process-related advantage provided by me inven.cn andrtsef.ee, on 

35 the product are illustrated n Figs. 1 and 2. 

Furthermore, functional surfaces may be emptoyed for simple production of organ* surface, suted for chroma- 
tographc applet, in one or several process steps, whereas convent**., solution techn^es 
,™<onsuming sctvent washing and dryrg step, and separation operate, berw^n 

well as in many cases methods carried out under pressure, « a smUar result » amed at as « obtained by mean, of 
„ The P rocesTo7m^«»n. At m. same *». m. product ta. a mrima. amount ot surface ^ an 

noroanc ac.d wrth a detnn-ntal effect on chromatographic separation, whereby these group, require btockng by 
7^1 rsepTrat. react** when a conven,*na. sokrton techncu. is used Chromatographc applcation. n gas 

™ *Z " examined m greater detail by us*g modified supports surled forme preparation 

« of pr^ta^^xampto.. Oner functional surfaces may be provtfed in an analogous manner The mention ,. 
illustrated by the annexed drawnge wherein 

Fioure 1 » a schematic diagram of the bonding process ot alkoxy silane to a substrate in liquid phase 

Sr. 2 . a sSTX oj^ot the bendng proems of alkoxy s<ane to a suOstrat. under surfac**cnd-*e*c, v. 

F^elT^o*. an FT-IR spectrum 1 relating to me reaction ot .iHcon oxide at +250 «C wrth CtfCH^OEt)* 

™ * —HI ,0 me r^ ot ethane, wtm a «.«n «* a, *300 -C. operate 

55 Si-C+H groups not leaving me silicon oxide surface, ^wiT ua 

Figure 6 show, an FT-IR spectrum 4. relaung to me reactcn of ethylene glycol wrth silicon oxde at + 300 C.ssa. 
th<i Si-OH arouoa teavinq tfie sihcon oxide surface, 

. ZXlZ^I^ .pV^ S oresentrq .he IP soer.n.m of a s.Ncon o*«e surface h«t treated a. 600 -C 
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tor 16 hours 

Figure 8 shows an FT-lR spectrum 6 relating to the reaction ot 2.2-dimethyl propane dot with silicon oxide, the 
Si-OH groups leaving the silicon oxide surface and the OH peak of the isolated organic alcohol emerging, and 
Figure 9 shows an FT-lR spectrum 7. relating to the reaction of 2-ethyl- 2-butyl propane diol at 350 *C with a 
s silicon oxide suriace, the Si-OH groups leaving the sittcon oxide suriace and the OH peak of the isolated organic 

alcohol emerging 

in the appended drawings, reler here to Figs 1 and 2. are shown the diagrammatic steps of methods for catalyst 
preparaton m liquid phase and gas phase, respectively The diagram ol Fig. 1 is based on the preparation technique 

io described by Witucki (G L WrtuckJ, J. Coat Techno* fig (1993) 57], while the method according to the invention is 
illustrated in Fig 2 As is evident from the diagrams, the technique disclosed by Witucki requires three different reactions 
for bonding the alkoxy silanes to the support surface By contrast, the present invention makes it possible to perform 
the bonding of the cyctopentadienyl silane compound or an equivalent heterogenizmg compound to an inorganic ma- 
terial surface in a single step by reacting said compound with the hydroxyl groups and siloxane bridges of the surface 

'5 in gas phase as is described later m conjunction with the example using silica as the support. The thus synthesized 
surface structure can be utilized dtrectly for attaching said transition metal compounds by a covalent bond to the support 
surface. No servants or dryng steps are required in the preparation of the cyctopentadienyl surface structure 

According to a preferred embodiment of the invention, the preparation of the catalyst comprises the following steps: 
1 ) Pretreatment of the oxide support, 2) evaporation of the surface treatment reagent(s) and attachment thereof to the 

20 support surface m order to prepare a modified support 3) attachment of transition metal to the surface of the modified 

. . • . . * _i _ ....*u «l. >m wvM«vum/4« Ctane 1 . 1 ara alert illustrate 

Support, ana **) uptunai UtUlimVMi ui ma uoiaiyat wiui wtyi"*. «=»•*■" • • >r~**- w.»» r w . - — - — — 

in Fig. 2, wherein the attachment of an ethoxysilane compound to a silica support is elucidated. 

Purging with an inert gas can be performed between steps 2 and 3 as well as between steps 3 and 4 when desired. 
According to the present invention, all reagents for steps 1 and 2 are taken into the reaction chamber in vapour 
2S phase, typtcalfy one component at a time 

In the first step of the method, the support can be subjected to a pretreatment at elevated temperatures prof to 
the actual bonding reaction. The support is most advantageously silicon dioxide, aluminium oxide, silicon dioxide- 
aluminium oxide, magnesium oxide, magnesium silicate, titanium oxide or zirconium oxide. Such a heat treatment can 
be used to modify the number and nature of OH groups, and thereby, the amount of metal compounds bonded to the 
30 support surface. The maximum temperature applicable during the pretreatment of silicon dioxide supports m about 900 
•C, while aluminium oxide is advantageousry pretreated at a maximum temperature of 800 to 900 *C. In Fig. 2. the 
typical pretreatment temperature of silica is cited as 600 *C 

The number of OH groups is reduced by subjecting the support to an elevated pretreatment temperature. The 
duration of the heat pretreatment is 1 to 40 hours, preterabfy 2 to 24 hours. 
3S Instead of heat treatment, or in addition thereto, the support can also be pretreated by contacting the support wrth 

suitable compounds capable of modifying the support surface in an advantageous manner. Thus, a silicon dioxide 
support can be treated with an aluminium compound. By reacting aluminium chloride and water vapour wrth silicon 
dioxide, an AljOj layer can be formed, as described in Fl Pat No. 84562, 

As is evident from the diagram, after the pretreatment the support surface has two types of groups capable of 
40 acting as surface-bond sites, namely, hydroxyl groups and siloxane bridges. 

In the next step of the method, the evaporated heterogenizing or surface treatment reagent is chemisorbed onto 
the support surface by contacting the reagent vapours with the surface. By virtue of the direct gas-sold substance 
reaction, no sorvents or wasting of the product are needed in the process. The vapour pressure of the evaporated 
compound is martained sufficiency high and the time of interaction sufficiently long during the process so that all the 
*s surface-bond sites on the support material will be saturated, or alteratrvery supersaturated, with the cataryticalry actrve 
component or a precursor thereof. The excess amount of the active component used in the process as compared to 
the mtnrnum concentration required for complete saturation of alt available surface-oond sites on the support surface 
is typically 1 to tOWofd, preferably 1 to 3-»o*d The amount of the heterogenizing compound required for forming a 
monotayer can be computed with the help of the BET method from the surface area and known molecular structure of 
so the support 

According to a preferred embodiment, the reaction temperature may not fall below the minimum temperature re- 
quired for the evaporation of the reagent; otherwise condensation of the reagent will occur. Besides, the reagent may 
not undergo condensation at any point along its path into the reaction space For these reasons, the reagent temper- 
ature must not drop below the reaction temperature. The heterogenizing compound and the operating temperature 
ss shall be selected such that o^coniposrtion of the metal compound and poesble condensation ol rts o^composrtion 
products is avoided. 

As is evxJent from Fig. 2, the second step of the method is earned out wrth an ethoxysitane compound preferabry 
at about 50 - 400 *C. and in fact, this temperature range is suitable for most alkoxysilane compounds The tower limit 
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ot cried temperature rang. ,s de.erm.ned by the condensate temperature of the alkoxys.lane to be evaporated a. he 
Pressure used and me aLa.too energy reared .or the lorma.-on o. a des.red surface bond The uppe™ deter- 
m„ed by ft. temperature at wh,ch .he heterog.ntf.ng compound starts to decompose, or alternat-vety, th. other tunc- 
nonal group ot the compound. which » ^tended to reman tree, beg.ns to react w«h th. support surfa <" 

The reacts ot thecatalyticaHy a<*ve matenal or compounds thereo. and the support « earned out e.the a. amb,en 
pressure, or pre.erab* a. an elevated pressure However, the react,on is most ^ 
vacuum The work.ng pressure ot the method is .vocally 0.01 • 10 MP., advantageous* about 0 01 - JO. ^-«W. 
pre- and posnreatmen. steps are most advantageously performed in • part*, vacuum. The gain <£"^ 
vacuum hes there,n that th. reac.on space stays cleaner and the ailu.br. sp~d « ***** The ^™ <™ " 
,o not part cularly cntcri wrth the provson that • extended so tong as to p*m* ft. 

the surface-bond sttes ot the support Hence, the reaction time can b. varied. . g., « th. rang. O S - 25 h. wh,* a 
reacts nm. on- 10 h is typealry used for the trea^ 

Te evapora.ed he.erogenJg compound can be rtroduc- U«ft. W ~ ^ wail^J «J 

the h^l p of a^nert carrierga. such as nttrogen or a nob* gas. Most acVan«geously. an ,ner.-ga. a.mospher. • used 
•s and th. same nert gas is employed as the carrier gas ot the evaporated .ran.***, metal spec.es. 

After the vapour-phase reaoon, all unreacted surface-treatment reagent « removed from the reacton spac as 
well as the skJ^oducTs of the reaction between the reagent and the support (e g., those formed between HCI and 
me "gTc rescues o. the reagent) According*, n.trogen-gas purging perform* at reac.io. , temperature subse- 
quent to th. chem.sorption react.cn in order to remove th. unreacted reagent and th. released HCI. 

20 Next to the modified support surtac., or mor. accurately, to th. functional group o. in. ....efogenszi. .„ » . 

anachS a°rans,tion meta. ccCund. The transit metal « attached to ft. support by '^^Z^^Tl 
compound ot th. formula MHal 4 or LMHalj. where M is a transition metal such a. Ti. Zrjx H. Hal « » h "^^ 
isVoreup contain^ a d»ne-r«g structure, to react wrth an morgan* oxide support mod.fed by a compound haw,g 
he c^Sn of formula I. In a transrtion metal compound wrth ft. LMHal, composite, L » most ac*antag™sry 
*s a ^^pT^ny, group, orartematrvely. apenta, ...ra, ,n-, dl- or mono*,*., mcno.ry.ormcnos.^1 d.nva.rv. ft.n> 

According to an advantageous embodirr-nt. th. transits metal compound i. a tetramethyl cvclooentadiem/i. n- 
butvl cvctooentadienyl or t-bulyl cyctoperitadienyl compound of the transition metal. 
^SSl ccindcaTb. attached to th. support under surfac.-bond-..*.ive ^^••^^ 
*> th. p^ces. condiUon. a. descnb* above Th. attachr^, of ft. "^j££g%££ 

support surtac. under surtac-bond-setectiv. condition, is d~cr*»d. eg., -n Fl Pat. No. 84606, 84609. 95276 and 

' Ar.trrSU NO *>.SS*on metal compound can b. attach* usng a conv.n.ion.1 'mpre^.c^r^u.^ 
the modified support * slurried into a suitable solvent, into which ft. WnsHion metal compound » add*. Th. product 

zafoTofXlen. Aceorfftg to an embod.ment. ft... catalyst, can catalyze ft. po.ym.nza.Jon ot efty*". « g*» 
<o pnl* t, ZTJ^i ot a, lea*. 2000 KPa reeutUng * a poV..hy*n. grade wrft . narrow mo*cu* weigh, 
d.stnbut«n, whereby ft. polyd**r*»y "dex • maximally 5. advantageously smaller than 3. 
Th. following wortung example, illustrat. ft. invention: 

Exempt. 1 

Preparation of a eyotepwrtadlen. eurtac. under surtac. bond elective condition. 

,n th. tottow^ ft. pr^-ranon ot a zirconoc^e procau^Vs. and the us. ot 
.,iT«tio« wil he rtMcnbed. Th. rxeoeration of the procattlyst comprieM two etepa: The first step « formed by a treat 

*> Zt^alcc^^^ 

ro^ev, a^c*ed ,u££surtac. Sobeepu^tty. m. s^ «^ '-^'^^^^^^ 
surfac from sad cyctop*.**^ c«npound Th. coc-taly* uMd m ft* product . n^l-unwiium oxan.. 

Praparation o< mpport 

An 8 4 g batch ot a comm.roally avaOab.. SO, w,th a large surtac. area (320 m*/g) (product narneEPJ Ojtu^- 
<J£ Ltd V wheh had prev^V b^n heat-treated at 200 -C for 16 h. wa. transterred <«»*»™™ 
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CalCH ) S.IOE0-, evaporated at + 100'C was introduced mto the reaction chamber using n.trogen as me earner gas 
me feac S ^er ^,ng been brought to a .200 -C operating temperature The pressure was 0 028 WPa and -he 
" eact^ was confnued lor 2 h. alter wheh t,me the thus treated support was purged w.th a pure n.trogen gas .low lor 
t h iTe product ttm obte,ned conned 6 9 wl -% carbon The IH spectrum o. the product ,s shown ,n Figure 3 

5 

Preparation ol procatalyst 

The obtamed modified silca (2 5 g aMquot) was suspended * 50 mlof THF solute. The suspense 
ag-.ated otem.ght at room temperature. Then, the sold matter was separate and washed three t^es wrth THF The 
oo*,ned so.kJ substance was suspended ,n 50 ml THF. and 0 35 g (13 mmol) cyc.open.ad.enyl z.rcomum tnchbnde. 

vLousry agitated overn,ghl at room temperature, after «hch the sold substance was separated and washed twee 
3 X ml THF and once 30 ml d.e.hyl ether and dr*d ,n a vacuum. Final* the product was dned ,h a vacuum a. 
^-Ccln.gh, The product 

is as lollows: Zr 3 0 wt .-% and C1 1 1 wt.-% 

Preparation ol reference catalyst 

Thereferencecatelystwasar^n^^ 

20 ml desiccated toluene at room temperature i ms sowuon w« u . u.«w — , r - 

test 

Etnene polymerization 

?5 Ethen. homoporymeraa..on was earned out in a reactor ol 11 volume. The heptane medium (about 450 g) was 

firs, feleased ,nto ihevacuumed reactor, after when the MAO (methylalumKiium oxane) cocatalyst was produced >nto 
' Stll , reactor was releasrf a 128 mg batch of a prccatalyst dispersed in toluene, sari ar~un« 
c^rSins to 4 21 x 10^ mo. Zr. The actual ptfymrtation wa. begun by reding ^>*th, 
e*3as churned, more .then, was central* added ,nto th. reactcx during the en.-r. poVmeraa nr. P^esr 

*> T^e^yTe^ation common, were as foltow: temperature 80 -C. pre«ur. 2.5 bar. polymer^ nme 0.5 h Al 

(MaS^SZ Pcvn.roation was t.rm.nated by ctoeing m. .then. va.ve.Th. «^»«" 

p^uct was7«ered. dried andweighed The activrty of the eatery, wa. 797 tf, cat/h. corr..pondig to 2422 g PBJ 

^ Domination of me poryethene product molecufcr weigh, by «h. GPC method gave t » M*ng resufts: I*. = 
io nm o/moi u - 119 000 <ymcJ. and the molecular weight distnbution expressed as MJM„ was 2 48 

Te^o^mo^^w^tributnn of the product mad. u.ing th. eatery., wording to th. rwen.cn „ a 
Moiicit indication o« m. high «urfae. homogan.rty ol the catoly.. accwding to th. invention. 

T^J e^e catary^ wa* alao uM^toTporymerizaton wheh wa* carriad out a* described above but by usmg 
, , 9 ™'£Zl sTg^pZ^ation prodSl. ottered, wheh corre^ond. to an act*** 1193 Kg P^mer/ 
mofzToe^nSna J ol W^.thytene product modular w«flh, * ft. GPC ™thod gave <h. .oK^n r.su u. 
M - as 000 o/mo( M_ = 233,000 g/rnol, and th. molecular wwgh. dutnbuton expressed as MJM n was 2.73. 

" \^^^J^™<£^ selective condrton. and the thus prepared eve^tadrene surlac^av* 
a g » ^ ac^ty ol th. prepared eatery., because the eatery* according to the rwen.-on has a twofold 
activity compared to homogeneous catalyst systems 

Exempt* 2 

Preparation ol functional aurtacaa: 

The preparation. 2 - 11 ware earned out as in Example 1 but by appryng raactwn and evaporation temperatures 
^iS^r^L^ Samot* 1 ^es pcapa/ed r ^e same manner aa the mooted support ol Example 1 A 
surted kx each compound, sampf* » . ^ . ^ . taf „ •..rtara araa r320 rn^ai 

commerce. SO, grade (product rtemeEPtO. manufacturer Crowed Ud ) r-v^ga *rg. wrtece area (320 rn^g) 
wae used loraHi irwrationa, the SO, havng been heat treated a. 600 *C for 16 hour.. 

^,11^. pr^^ToT fun*** — ^ « th. r^,or. compound. 

US ed^ suSr^c^- "eat «rner amounts, evaporate* and reacts temperature a. well as n rt rogen purging 
tClureea^^ 
out ran r>ert nrtrogen atmoephefe. 
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Based on the carbon anatytt. of Example 2 and reference example 2 and by comparing spectra 3. 4 and 5 (Figure. 
5 to^Tc^bVnc^d thali^WK* doe* not remove alt molated S.OH hydroxy! group, from the s,hca surface^ a. 
will ethylene glycol, at the tame reaction temperature. By mean* of the procee. according to the invention rt «, thue, 
ooesible simply to convert SMDH entirely to a surface of the type -CH^-OH ( 

Thi. appear, from the IR anaJysw of the surface treated with ethylene gfycol (Spectrum 3; Figure 5). ***** shows 
that in theT^red spectrum n the range 3700 to 3600 cm-1 there * only one hydroxy group peax of an organc accrx* 

of the chemcai reaction between the gas and the surface In other word., by mean, of the P f< f^^^^ 
"vention i * poes.ble to convert an norganc surface to an organc surface n on. reactcn step wrth^^onhe 
wah^g. steps^nd aftertreatment step, nectary n other method.. The same phenomenon cana^ ^ 
Ex^nTes 3u well a. 4a and 4b wherem s.Nca has been treated in gas phase at high temperatures wrth hy^rbon- 
'SSI ^ From the spectra 6 and 7 (Figs 8 and 9). <^J^^ 
alcohol at wave number 3641 cm- 1 in the case * 2.2-dimethyVl ,3-propane <** and at wave number 3665crrr ^the 
"ZT-^ne ^ r Mrt cu*r the ,se * procvane do* substituted w«h branched hydrocarbons 
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in the preparation of organic chromatographic surfaces ,s o! advantage m the process ol the invention 

Surface-bonded hydrocarbon-substituted propane diois which at the same t.me are particularly stable as regards 
the impact o. water and which through their organs aicohol group render the lormatcn of hydrogen bonds poesible 
Letween^hromawgraphcalty separated modules provide a new range o! applcaton .or me method according to the 
™eX as an «ZZ manufactory process due to the above advantages, and not ,us. as a poss-b* novel mated 
suited for chromatography. 

It is evident that the method according to the invent™ can be extensively applied m the case of 

diols according to Examples 6 and 7, 
. ether alcohols according to Examples 8 and 9 for the preparation ol organc ether ™ rtac *\ 
- phenol-type alcohols wherein the phenyl rmg contains a halogen substrtuent in ortho- or meta-positton. 

a halocTsubsiituen, in ortho- or metaposi.-on ,n regard to the s.Hcoo atom. Ha.ogen-.ree as well as hatogen- 

conSg phenyl rmg surface* can be functional n accordance wrth me applcaton. ^stance. 

^ phenyl nng surfaces can be functional^ w«h organc alkali meta. compounds such a. bury, or me.hy. Iith.um 

Example 12 is a further applica.ion o( the cyctopentadienyl surface of Example 1 <^ f ^ F * 3 ^ ™^ 
o. the process of the invent-on. the obtained cyc.open.ad.eny. surface can be transformed furmer to a pah I ol o, an 
entVre ca^oxyic anhydrde surface by me Diels-Ader reaction, as w>ll emerge from the IR spectrum 2. In spectrum 2. 
TL^ltVL carboxvlic anhvdnde ,s v,s,ble a. wave number 1789 cm- proving that different cc^ds 
S u"bje^ed'.o t"he Oiels-Alder reaction with monosubst.tuied cyclopentadien. are of particular advantage ,n m. .unner 
development of the surface toward practical applications k . k. ,,^.<~mm* 

It will be obv,ous tor one versed in the art mat me carboxy.ic anhydr.de surface can fairy easiry be iran.tormed 
mto a >Y «-«0 «• ••*«• »urfac. ether with an aqueou. ^>- - ^^ 

gat Of me practical application, of a dcarboxyl* acid surface, .he sp*«a. capab,l«y of wjh, ^a. 
ic^s may be mentcoed whereby this capability may render posstble the extmctwn of different krd. ol meta. ««. from 

^T^tZ^Uom reference examp.e 2 that ..hand does not remove all of the SiOH hydroxy, groups, as does 
ethylene glycol at the same reaction temperature (ct. spectra 3. 4 and 5. Figs. 5 to 7). 



Claims 

1. A solid-phase surface structure, comprising 

. functiona. group, on m. surface of a subs.ra.e. sad groups formmg surface b,nding site, no which 

of gas or loud phase reactant « at least temporary bound due to it.ract.on between sad specks and sad 

functional group during a chemical reaction, 

characterized in that 

. essentially afl tunct»naJ groups are attached to the substrate via a bridging group attached to surface atoms 
of me substrate. 

sad surface bincftng sites being so far from the surface of sad substrate that the surface of sad substrate does 
Z ^^t^t^e on sad int.rac.cn between sad surface bind.g sn M and sad reactan, spec*.. 

2. The surface etructur. according to clan, 1 . wher.r es^-lry all hydroxy! group, of an .xxganic surface have 
reacted under surface bond selective cordittons 

3 The surface structure accord**, to clan 1 or 2. wherer me brdging group compnses a linear, branched or cyclic 
hydrocartjon group pouitXy containing at least one heleroatom. 

4. The surface structure according to any on. of Cam. 1 to 3, where* me bndgrg group ccmpn~. an a.ky .en. or 
arylene group which possibly contains at least one heleroatom 

5. Thesurfacestructureaccor^ 
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6. The surface structure according to any one o! the previous claims wherein the bridging group is bound to the 
surface atoms of the substrate via silicon, tin, germanium or carton 

7. The surface structure according to claim 6, wherein the substrate comprises an inorganic oxide character ized in 
that the surface binding sites are attached to the surface via a group according to formula va 

-* 4 S,R 2 m xV m) - < v »> 

or formula Vb 

-* 4 AR 2 -x' (1 . n) = <"» 



so 



'5 wherein 

m is an integer 0, 1 or 2, t ( u . 

X* is the residue of a hydrolyzed group when has reacted with the hydroxy groups or metal-oxygen -metal- bridges 

of the inorganic oxide, 
20 r2 ,s a lower alky I group or a hydrogen atom, and 

R 4 is a group -(CH 2 ) k -. wherein k is an integer 1 to 4, or an arylene group 

8. The surface structure according to claim 7, wherein the surface binding sites are cyciopentadienyt groups, whereby 
m formulas Va or Vb. respectrvery. R 4 stands for an alkylene group 

9 The surface structure accords to claim 7, wherein the surface binding srtes comprise carboxyle anhydride groups 
or cataryticalry actrve metals or compounds thereof attached to the group * via a cyctooentadienyl group. 

10. The surface structure according to claim 7. wherein R< represents a phenylene group and the surface binding sites 
30 a formed by the ring carbon atoms of the phenylene ring. 

11 A process for preparing a solid-phase surface structure comprising a substrate containing surface binding sites 
' for carrying out chemical reactions dunng which a gas or liquid phase reactant speaes « at least temporanly bound 
to sad binding sites of said the substrate due to interaction between said srtes and said species. 
35 characterized by 

reacting the substrate wrth a compound of formula (I) 

40 

wherein 

A is silicon, tm, germanium or carbon, 
45 R 1 is a hydrocarbon group and 

X 1 is a functional group, and 

- earning out the reaction between the substrate and the compound according to formula I under surface bond 
selective conditions. 



12. The process according to claim 11 , wherein a compound erf formula (II) is used 

xVax 1 (»> 



wheren 
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X 1 and X 2 can be the same or different and they represent a functional group and 
R 1 and A have the same meaning as m claim 11 

13. The process according to claim 11 or 12. whetem X 1 and X* independently stand tor a hydroxy, alkoxy. halide 
aldehyde, ketone, carboxytc acid, carboxylic anhydride. dcarboxyiic acid, ester, amide, amine, nrtro, nrtnle or thiol 
group, and X 2 means a rtng group containing a double or triple bond. 

14. The process according to claim 11 or 12. wheretn the substrate is reacted with a compound ol formula (V) 



wherein 

is a. R 1 and X 2 have the same meaning as above. 

R2 is a hydrogen atom or a lower a Iky I group, 

X 3 is a hydrofyzmg group which reacts wrth the surlace atoms of the substrate and 

m :s an integer 0, 1 or 2 

20 15 The process according to claim 14, wherein in the compound according to formula V the residue X? is selected 
from the group constst.ng of alkyl (-R 5 ), alkoxy (-OR 5 ), carboxylic acid (OOCR*). amme (-NR> 2 ) or chtonne (-CI). 
wherein R* represents an alifatic hydrocarbon chain having 1 to 10 carbon atoms. 

16 The process according to claim 14 or 15. wherein group X* in formula V stands for a group which is capable of 
*$ binding transition metals or compounds thereof and R 1 represents a group -(CH^-. wherein k is an integer from 

1 to 4. 

17. The process according to claim 16, wherein X* represents a cyclic diene structure, in particular a cydopentadiene 
group, an indenyl group or a fluorene group. 

30 

18. The process according to claim 12. wherein the substrate is reacted with a compound of formula VI 

HO-R S OR 7 (VI) 



J5 



wheren 



R« represents a group -(CHjV- wherein k is an integer from 1 to 4, and 

, s a hydrogen atom or an alkyl group (-R 5 ). wherein R 6 has the same meanng as above. 

19 The use of a functional surlace prepared accorchng to any one of claim* 1 to 10 or a functional surface prepared 
accordmg to any one of clams 11 to 1 8 as a support for catafysts or procatafysts or for chromatographic applca- 
tions. 
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Functional surface* for chemical reaction* and process for the) preparation thereof 



(57) The invention concerns a sold phase surface 
structure and a process for preparing such a structure. 
The surface structure comprises functional groups on 
the surface of a substrate. The species of a reactant ted 
m gas or liquid phase is bound at least temporarily to 
said groups due to the interaction between said species 
and said functional group during a chemical reaction 
According to the invention essentially all of the function- 
al groups are attached to the substrate via a bndgmg 
group bound to the surface atoms of the substrate, the 
surface bndmg sites bang so far from the surface of the 
substrate that the surface of the substrate does not have 
any significant influence on the interaction between the 
surface briding sites and the reactant species. The 
f unctonalized surface structure* can be provided by re- 
acting an inorganic oxide support with a compound or 



formula (I) 



(I) 



wherein A is silicon, tin, germanium or carbon, R 1 is a 
hydrocarbon group and X 1 is a functional group. The re- 
action between the support and the compound of for- 
mula I is carried out under surface bond selective con- 
drtions and the reaction is continued until essentially aJI 
of the hydroxy! groups of the inorganic surface have re- 
acted under surface bond selective conditions. By 
means of the invention functionalized surfaces are pro- 
vided when can be used for chromatographic applica- 
tions and as catalyst supports 
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